At the authors' institution, all engineering students are required to complete three semesters of full-time cooperative work experience. For each co-op assignment, three different metrics are used to evaluate the experience, and each metric has been designed to gather program assessment data. Metric 1: Approximately mid semester, a faculty member visits each student at their employment site, meeting with both the student and their supervisor(s). At the site visit, the faculty member collects assessment data on the student's performance, how well the institution has prepared the student, and educational areas that the employer feels can be improved. Feedback gathered during the faculty member's visit is recorded using a common report template. Metric 2: At the end of the co-op assignment, the students complete an online, selfevaluation of their experience. A significant portion of the student self-evaluation is focused on assessment of the ABET outcomes. For each program outcome, the students are asked to rate how important the outcome was to their job assignment, how prepared they were to apply the outcome, and how much their co-op experience contributed to development of the skills in the outcome. Metric 3: Also at the completion of the co-op assignment, the students' supervisors complete an online survey. The employer survey focuses exclusively on collecting data related to the ABET program outcomes. Analogous to the student self-evaluations, the employers are asked to state the importance of each program outcome, how prepared the students were to apply the outcome, and the extent to which they observed further development of the skill. At the close of each semester, numerical data along with written comments from all three metrics are compiled in summary reports for use in program assessment and continuous improvement. Such data have been collected over the past 9 years and serve as the cornerstone for assessing the institution's engineering programs. The paper includes the following: an overview of the institution's co-op process; details on the forms and methods used to collect the data; illustrative data collected over the past 10 years; insights and lessons learned; illustrative examples of how the data have been used for continuous improvement; and summary feedback from ABET program evaluators.
Introduction
Experiential learning opportunities can take many forms and are used in just about every vocation from trades such as carpentry to residencies for doctors 1 . One of the primary drivers for experiential learning opportunities (e.g. internships, co-ops, service learning, etc.) is the benefit that it provides to the students, which have been well documented. [2] [3] [4] [5] This paper focuses on a particular experiential learning opportunity, engineering cooperative (coop) work experiences. Engineering co-op's began in the early 1900's at the University of Cincinnati and are now optional experiences at most higher educational institutions. There is also a smaller set of institutions for which co-op is a required part of the engineering curriculum, including the authors' institution, York College of Pennsylvania.
While the benefits to the students are vital, the impact of a co-op program goes beyond the students. Industry can gain benefit by obtaining staffing for projects at a substantially reduced rate (and typically without the benefits overhead). Moreover, by hiring interns and co-op students, industry can develop a recruiting system that allows them to make better hiring decisions than can be done via a resume and interview alone.
The benefit also extends to the higher education institutions. An organized co-op program can help the institution develop relationships with regional and national industry. Those relationships can be valuable in many ways. For example, at the authors' institution, the industry relations developed through the co-op program have resulted in industry projects for classes, financial support for the various programs, consulting opportunities for faculty, the establishment of a strong, vested industrial advisory council, support for guest speakers, adjunct faculty, etc.
Another powerful benefit of a co-op program is that it can serve as a valuable tool for outcomes assessment. With the implementation of outcomes assessment in engineering initiated by the ABET 2000 criteria, engineering programs have worked to develop effective methods for outcomes assessment. Some of the outcomes have proven to be challenging to assess within an academic setting, especially those that focus more on soft skills such as professionalism, ethics, lifelong learning, and teamwork. 6 Since the implementation of ABET 2000, there has been significant activity in developing methods to use co-op as a tool for outcomes assessment. [7] [8] [9] [10] [11] [12] A number of these methods make use of online systems for collection of the assessment data. This paper details the outcomes assessment process that the authors' have developed at their institution. The authors collect assessment data through a variety of mechanisms, including personal visits to the co-op site, written feedback, and online data collection. Data is collected from both the industry supervisors and the co-op students. The following sections provide: an overview of the institution's co-op process; details on the forms and methods used to collect the data; illustrative data collected over the past 10 years; insights and lessons learned; illustrative examples of how the data have been used for continuous improvement; and summary feedback from ABET program evaluators.
Background
At the authors' institution, the engineering programs are relatively new. Mechanical engineering was the first discipline offered and the initial class of students started in 1995. The development of the mechanical engineering program took place at the same time that ABET was crafting the ABET 2000 criteria. Since the mechanical engineering program was scheduled for its first graduating class in 1999, and hence, its first opportunity for accreditation, it was determined that the program would be developed under the new ABET criteria. The mechanical engineering program also opted to seek its initial accreditation as an early participant under the ABET 2000 criteria. The mechanical engineering program has undergone two additional general accreditation reviews (in 2005 and 2011) since its initial accreditation. Currently, the mechanical engineering program enrolls just under 180 students and requires the completion of 137 credit hours. Seven of those credit hours are attributed to the co-op program; each co-op assignment is two credits and the students take a one-credit co-op preparation class prior to their first co-op experience.
Electrical and computer engineering majors were added beginning in 2006. Combined, those programs have a four-year enrollment of approximately 90 students. Both programs received their initial accreditation in the 2011 -2012 cycle and are scheduled for their next general review in 2017. Both of these programs require 138 credit hours, with seven hours accounted for by the co-op program.
More recently, the institution has approved the creation of a civil engineering program that will begin in the fall of 2016. All of the existing engineering programs, as well as the new civil engineering major, require cooperative work experiences. Table 1 shows the rotational cycle that applies to all of the engineering majors. As can be seen from Table 1 , the institution operates in all three terms: Fall, Spring, and Summer. With the exception of the first summer, during which the students have a "traditional" break, the students are committed to being on campus or engaged in a cooperative work experience three terms per year. Students perform their first cooperative work experience in the summer term following the completion of their sophomore year. They then enter a cycle that alternates between academic terms and co-op. They finish with two consecutive academic terms. The entire sequence takes four calendar years to complete, with students graduating at the end of the summer term (Early August).
The duration of each co-op varies, depending on the semester. Summer co-ops typically last 12 weeks and those in the spring and fall average 18 weeks. This results in approximately 48 weeks of full-time cooperative work experience for every engineering student.
At many institutions co-op is an elective experience. While such experiences certainly offer the potential to collect valuable assessment data, the results are not generally applicable to all students since the process is self-selective. At the authors' institution, co-op is required for all students. As such, it provides an excellent mechanism for collection of assessment data for each and every student. Data collected during the students' co-op experiences has been a critical assessment tool for each of the engineering programs. Feedback from past ABET accreditation visits regarding the outcomes assessment that has been implemented through the co-op process has been very positive and the institution has been encouraged to publish its methods. The remaining sections describe the process and results in more detail.
Outcomes Assessment Overview

Overall Assessment Strategy
At the authors' institution, the student outcomes are assessed using several metrics. The intent is to gather data and make assessments based on a variety of inputs for each outcome. Using multiple sources and using both quantitative and qualitative sources provides for better assessment of the student outcomes. The primary metrics used by the engineering programs at York College are:
• The important point to note is that outcomes assessment performed through the co-op program, while being a vital assessment tool, is only part of the overall assessment strategy. It is supplemented/complimented by other assessment methods. For example, the Faculty Course Assessment Report (FCAR) method 13, 14 is the primary tool used by the faculty for outcomes assessment within each of the programs' academic courses. In brief, this method begins at the course level by developing course outcomes for each of the program's engineering courses. Each of the course outcomes is mapped directly to one or more of the program's student outcomes. For each of the course outcomes, the faculty member makes an assessment (a wide variety of metrics are used, depending on the class and the course outcome being assessed) and summarizes their findings in a FCAR report.
Senior exit interviews, and to a modest extent, performance on the FE exam also serve as tools in the overall assessment strategy. The remainder of this paper focuses on the process and results from assessment made through the co-op program.
Co-op Program Assessment Benefits
As noted earlier, every student in each of the engineering programs is required to complete three co-op assignments, providing a total of one year's worth of experience. These co-op experiences provide an excellent mechanism to collect assessment data and are a vital source of information for assessment of student outcomes. There are a number of reasons why the authors believe the co-op data is extremely valuable for outcomes assessment including:
• During a cooperative work experience, the students are employed full-time in an industrial setting identical to the environment they will enter upon graduation (i.e. the environment we are intending to prepare them for).
• The students work directly for a supervisor who can provide an unbiased assessment of their performance.
• The assessment comes directly from the program's major constituents -the employers and the students.
• The assessments can be made in more detail and over a much longer duration. In a typical three-credit course, a faculty member sees a collection of students for about 40 hours and the time that is spent in assessment is typically only a fraction of that. In contrast, a supervisor for a co-op student normally has far fewer people to oversee, allowing them to work much more closely with the student. Moreover, with the students working 40 hours per week over the course of a semester, the supervisor has a far greater amount of time to observe and assess the student.
• For some outcomes, the workplace is simply better suited for assessment. For example, the assessment of teamwork skills in the academic setting might take place through a variety of projects, activities, and labs scattered throughout the curriculum. (Not every course is conducive to assessment of teamwork!) However, these are often very discrete events and the faculty member may have limited access to observe the student interactions. In contrast, an employer can work closely with a student on a full-time basis over an extended period of time. Since most industry settings rely heavily on teamwork skills, we believe that the supervisor is much better situated to evaluate this outcome.
Through the co-op process in place at the authors' institution, each student receives a thorough assessment of all of the program's student outcomes three times during the course of their education. This interim feedback by the program's primary constituents on the students' performance is an extremely important assessment mechanism.
Co-op Assessment Process
Because of the wealth of information that can be collected during a co-op experience, a number of evaluative measures (both quantitative and qualitative) are collected for each co-op assignment. These include:
• An employer evaluation of the student's performance, focusing on the student outcomes.
• A student self-evaluation, focusing on the student outcomes.
• A faculty evaluation form based on the faculty advisor's meeting with the student's supervisor.
• A faculty evaluation form based on the faculty advisor's meeting with the student.
• The student's co-op report (presented in the form of a poster).
It is important to note that all of these evaluative measures must be submitted for the student to receive a passing grade on their co-op assignment. Thus, the response rate for the submissions is nearly 100%. (Occasionally an employer will not submit their survey, despite repeated requests. When this happens, which is rare, we do not hold the student accountable.) The remainder of this section describes each of the measures.
The employer evaluation is an online form that is completed at the end of each co-op experience. Results go into a database that can be queried to generate various analyses and reports. Table 2 lists the questions that are addressed in the employer's evaluation. Multi-part * Assess the student's ability to design a system, component, or process to meet desired needs.
Multi-part * Assess the student's ability to function on multi-disciplinary teams.
Multi-part * Assess the student's ability to identify, formulate, and solve engineering problems.
Multi-part * Assess the students understanding of professional and ethical responsibility.
Multi-part * Assess the student's ability to write reports, emails, and other documents effectively.
Multi-part * Assess the student's effectiveness with oral communications skills including presentations and meetings.
Multi-part * Assess other communication skills including CAD.
Multi-part * Assess the student's ability to understand the impact of engineering solutions in a global and societal context.
Multi-part *
Assess the student's recognition of the need for, and ability to engage in life-long learning.
Multi-part * Assess the student's knowledge of contemporary issues. (Additional explanation is given.) Multi-part * Assess the student's ability to use the techniques, skills, and modern engineering tools necessary for engineering practice.
Multi-part * The student's overall performance can best be described as:
Options are: Exceeds, Meets, or Below Expectations Would you recommend this student for a return co-op assignment with your company?
Options are: Yes or No
Please offer your suggestions for enhancing the performance and/or experience of the student.
Free response
Please add any comments that can help us improve the engineering program at York College and especially the co-op experience.
Free response * explained below
The employer survey addresses each of the program's educational outcomes. Each of the questions addressing the student outcomes are multi-part. For each outcome the evaluation requires the supervisor to assess: the importance of the outcome relative to the tasks the student was assigned; the student's preparedness relative to the outcome when they started work; and, the amount of development in the student's abilities relative to the outcome as a result of the coop assignment. The importance ratings help in understanding which outcomes are the most vital to the industrial base our students serve. While the programs always assess and strive to improve each of the student outcomes, it is helpful to know what is most valued by the employers so that we can prioritize our continuous improvement efforts.
The preparedness ratings are useful for assessing how well the program has prepared the students for their assignment. In this category it is important to note that students are sometimes given tasks on co-op for which they have not yet received detailed instruction. For example, a student working on their first co-op may be required to analyze a pressure drop in a pipe even though they have not yet taken the class on fluid mechanics. Thus, deficiencies in the preparedness results must be checked against the program of study.
Finally, it is expected that the students will develop and/or enhance their skills as a result of the co-op process. When the students are on co-op, they must enroll in a two-credit course (EGR 491, 492, or 493, depending on if it is Co-op I, II, or III.) Thus, we want to know how those "courses" contribute to the students' development of the outcomes. The development ratings help to measure the contributions of the co-op experiences toward meeting the program's student outcomes. The majority of questions on the employer survey use a Likert-type scale.
The employer evaluation also solicits written responses to two specific questions: 1) suggestions to help the student enhance their performance and 2) suggestions to help improve the engineering programs.
The student self-assessment is also administered electronically and is similar in structure to employer assessment. A condensed listing of the questions is given in Table 3 . The student survey begins with 11 questions about their co-op experience. The intent of these questions are to make sure the students are being treated and supervised properly.
Next, the student survey has a series of questions that target the same student outcomes as the employer survey. Just like the employer survey, these questions are multi-part and target three areas for each outcome: importance, preparedness, and development. The student survey concludes with a question soliciting comments to help improve the engineering program. Table 2) Multi-part Please add any comments that can help us improve the engineering program at York College, especially the co-op program.
As part of the co-op program requirements, a faculty member visits each student and their supervisor at least once during their co-op (approximately mid-way through the semester). The faculty advisor meets with the student's employer to discuss the student's performance and their preparation for the co-op assignment. The faculty advisor also meets with the student to insure they are being challenged and that the co-op assignment meets the goals of the program. These interactions provide a valuable mechanism to collect information on student performance and on our ability to prepare them. Originally, the faculty advisor took notes during the meetings with the employer and student and wrote a summary document on the co-op experience. Prior to the start of the 2008-2009 academic year, two forms were developed and implemented to assist in the collection and interpretation of data from these meetings.
The student form is completed while in private consultation with the student and asks a variety of questions. The primary assessment-related question is: "Is there something that York College could do to better prepare you for your co-op?". Similarly, the form that the faculty member completes while meeting with the employer asks numerous questions, two of which are related to assessment: 1) What areas could York College improve on to better prepare the students?, and 2) Do you employ any York College engineering alumni? If so, please provide any feedback, positive or negative, on their performance.
Lastly, the students are required to prepare a report (in the form of a poster) for each co-op assignment. These reports are used primarily for display in the engineering building and are not used for assessment purposes.
All of the co-op data sources described above have been collected since 2005 for the mechanical engineering program and since 2007 for the electrical and computer engineering programs. This represents a wealth of data that can be analyzed in various ways to improve the engineering programs and to assess the student outcomes. It is important to note that data is collected every semester. "Red flag" reviews are done continuously as the data is collected. More substantial reviews of accumulated data from the various sources take place through two primary mechanisms -bi-annual faculty assessment retreats and weekly faculty meetings. The remaining sections show some of the assessment data that has been collected through the coop process and describe some of the ways the data has been used for program assessment and improvement.
Co-op Assessment Data
Preliminary Notes
The engineering programs at the authors' institution are relatively small. When co-op assessment data collection began in 2005 (with only the mechanical engineering program in existence) there were approximately 50 co-op assignments completed that year. With the addition of new majors in electrical and computer engineering, along with strong growth in the mechanical program, for the most recent year students in the engineering programs completed just over 150 co-op assignments. The various measures used to collect assessment data on the coop experiences create a wealth of data that can be parsed in many ways. To date, the data has been processed and analyzed in the following ways:
• By program and in aggregate for all of the engineering programs It is not possible to show all of the different means of analyzing the data and the results that have been drawn. Rather, the intent of this paper is to give insight into the power of using co-op for outcomes assessment via exposure to select data and a few applications. In addition to what is noted above, there are a number of other ways to examine the data that, to date, have not been done. Additional opportunities for using the data are listed in a later section, Future Work/Opportunities. Table 4 shows the aggregate response for all of the engineering programs collected from 2005 through the present. This table shows both the employer and student survey results for the question targeting ABET outcome f): An Understanding of Professional and Ethical Responsibility. This outcome was selected as an illustrative example primarily because it is one that can be difficult to assess in an academic setting. The authors feel strongly that an employer working closely with a student on a full-time basis over the course of a semester can make a better assessment of the student's understanding (and demonstration) of professional and ethical responsibility than can be done in a class assignment or exercise. Even considering such a high-level roll-up of the data (Table 4 is from all engineering majors over all of the years of data collection and all three co-op assignments), a great deal of information can be extracted from Table 4 . Observations include:
Aggregate Data
• This outcome is important to the employers. Approximately 60% of the employers rate this outcome as very important and over 96% rate it as important or very important. Note that this question is targeted to the particular job assignment that the student had on their co-op assignment. An employer stating that the outcome is not important means for that particular assignment as opposed to being not important to their company.
• The students see the importance of the outcome nearly identical to that of the employers.
This observation was found to be true not just for this one outcome, but for most of them! It shows that the students are capable of self-assessing the importance.
• Over the history of the data collection very few students (2.3%) have been rated as unprepared by the employers • The co-op experiences contribute significantly to the development of this outcome. Both the employers and students noted significant or moderate development in the area of professional skills as a result of their co-op assignments. (Just under 94% of the employers reported moderate or significant growth.) Again, the data collected from the employers and students is very similar.
Another way to use the aggregate data is to rank the outcomes according to their importance to the employers. This is shown in Table 5 . To create the ranking, a Likert scale was used with the following weights: Very Important = 5, Important = 3, and Not Important = 1. The outcomes in the first column are the ABET a) -k). At the authors' institution, outcome g) on communications skills is split into g-1) written communications, g-2) oral communications, and g-3) other communication skills including CAD.
While it is good to know what is most important to a company, another important data point is how well prepared the students are to handle those important outcomes. That can be assessed by the data on the students' preparedness which is also shown in Table 5 . The scale for the preparedness category correlates as follows: Well Prepared = 5, Prepared = 3, and Unprepared = 1. An analysis comparing the two columns is often used to identify the most important areas for which the students are least prepared. The results of those comparisons can be used to prioritize areas for improvement.
Lastly, Table 5 shows the extent for which the employers saw development in the students related to each outcome. The scale for the development category was: Significant Development = 5, Moderate Development = 3, and Negligible Development = 1. Clearly, the students' participation in their co-op assignments contributes significantly to their overall development of the outcomes. At an even higher level of aggregation, the surveys provide a summative "sanity check" on the overall satisfaction of our students' performance as evaluated by the employers. This is done through two particular questions:
1. The student's overall performance can best be described as: While one certainly cannot make program improvement decisions on data such as these, they do convey an overall sense for how the co-op program is working. The fact that 64% of the students exceed expectations while only 1.7% fall below expectations does indicate that there are not major systematic problems with the students' performance.
Many additional analyses have been done on the aggregate data (both from the employer and students). The data have also been aggregated over shorter blocks of time to look at trends. It hoped that the reader will see the benefits of the data and its possibilities for outcomes assessment, even at such a high level of data roll-up. In the interests of brevity, additional results are not included.
Evaluative Data
The complete data set discussed in the previous section can be processed in different ways to look at particular items of interest and/or trends. The various ways that the data have been analyzed by the authors are noted in section 4.0. This section describes one example to provide a sense for what can be done.
When the assessment data collection began for the mechanical engineering program in 2005, it was noted that student preparedness on written reports (outcome g-1) was low. As a result, additional focus on writing skills was implemented throughout the curriculum, primarily by making written communication skills part of the grading process in several laboratories. This was implemented and the results were tracked via the employer evaluations of the outcome over time. The result is shown in Figure 1 . The figure shows that the employer evaluations of the student preparedness in written communications increased for several years and then leveled off. As a result, it was determined that more could be done by adding more opportunities for evaluation and feedback on student written work. Toward that end, writing was integrated into the mechanical design courses (machine design and capstone design). The result has been another upturn in performance, which will continue to be tracked. Considering the entire 9 year period shown in Figure 1 , the employer evaluation of this outcome has increased by over 25%.
Figure 1: Tracking of Written Communication Skills from Employer Survey Data
All of the student outcomes can be tracked in a similar manner to look for trends and/or to assess the impact of program changes. As noted in section 4.0, we have also used the data to track various other metrics of interest such as improvements in student performance as they mature from Co-op I through Co-op III and performance over the course of a 6-year ABET cycle. The act of collecting and archiving the data opens up many opportunities for assessment such as that shown above. The above serves as just one representative example. 
Qualitative Data
Another powerful tool for identifying corrective actions comes from the qualitative data. This data is collected from: a) meetings between the faculty member and the employer which take place during the site visit, midway through the co-op term; b) meetings with the students during the site visit; c) the written free-response comments submitted on the employer's final survey; and, d) written comments submitted by the students. Those qualitative data are regularly assembled into a report that is combed through by the faculty during the biannual assessment retreats to look for common trends.
The qualitative information can be very enlightening. As an illustrative example, approximately 7 years ago the mechanical engineering program started to notice a significant increase in the number of comments (from both employers and students) requesting more training in CAD and exposure to Geometric Dimensioning and Tolerancing (GD&T), a topic that was not being covered by the curriculum. The requests continued to grow, triggering the faculty members to review this in detail. After careful review, it was determined that additional training in CAD along with new content in GD&T should be added. As a result, the freshman-year introduction to engineering sequence was completely restructured to provide a second CAD class for the mechanical engineering majors with a strong emphasis on GD&T. The new sequence was implemented starting in the Fall 2013 term, with the first offering of the second CAD/GD&T course in the Spring 2014 term. The students that have went through the new sequence are just now proceeding into their co-op rotations. As they progress through, the co-op assessment data (both quantitative and qualitative) will be used to assess if the changes have had a significant impact. Similar changes were made to the electrical and computer engineering curricula to address feedback from their co-op data collection.
In summary, the personal discussions and qualitative data can also be extremely valuable in outcomes assessment through cooperative work experience. While it is tempting to try and quantify everything to ease data management issues, especially when dealing with large numbers of co-op students, we have found that the qualitative inputs should not be overlooked or avoided.
Future Work/Opportunities
The data collected via the evaluative measures used to assess the co-op program (described in section 3.3) can be used in many ways. To date, it has been used primarily to assess the student outcomes. However, the data can be parsed in many other ways. Opportunities for additional exploration include:
• Comparing performance across majors (i.e. Do any majors outperform the others?) Note that for assessment purposes each major evaluates data specific to their students. However, a comparison across majors has not be performed.
• Comparing results sorted by employer (i.e. Do some employers do a better job of developing the outcomes? If so, can we learn from them to help other employers improve their co-op experiences?)
• Comparing results for students who do all three co-op assignments at the same company versus those who work at different locations. (Note that the surveys are not anonymous and can be sorted by student name and company.) • Comparing student performance with academic performance (i.e. Do those performing well in the classroom obtain higher evaluations on their co-op evaluations?) • Comparing co-op performance to performance in capstone design (i.e. Does a student's success on co-op correlate with performance in a "real-world" design experience within the academic environment?)
Summary & Conclusions
Data (both quantitative and qualitative) collected as part of a required set of cooperative work experiences has proven to be invaluable for outcomes assessment. Several different data collection methods have been developed and used collectively to gather assessment data. Electronic surveys of both the co-op employer and student have been developed to assess each of the programs student outcomes, including the importance of each outcome, the students' level of preparedness, and the extent to which the co-op experiences develop the outcomes. The electronic data is supplemented with quantitative information collected via faculty visits to the co-op site. Results of all of these efforts have been shown to be invaluable in performing outcomes assessment. It has also been observed that assessment of co-op experiences is highly beneficial for assessing outcomes that are more difficult to evaluate in a classroom setting, most notably the "soft skills". The data have driven several substantial changes to the curriculum as well as numerous changes to course content and assignments. At the two most recent ABET accreditation reviews (2005 and 2011), the program evaluators have noted the impact the co-op assessment data has made on the overall assessment process, with one evaluator strongly encouraging the institution to publish the results. Lastly, it should be noted that outcomes assessment does not have to be limited to institutions with a required co-op. Provided an institution has a reasonable number of students performing experiential learning (including optional co-ops, internships, and summer employment), a great deal of information can be collected for program assessment and improvement.
